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ABSTRACT The potential impact of routine real-time PCR testing of respiratory
specimens from patients with presumptive tuberculosis in terms of diagnostic accu-
racy and time to tuberculosis treatment inception in low-prevalence settings remains
largely unexplored. We conducted a prospective intervention cohort study. Respira-
tory specimens from 1,020 patients were examined by acid-fast bacillus smear mi-
croscopy, tested by a real-time Mycobacterium tuberculosis complex PCR assay (Ab-
bott RealTime MTB PCR), and cultured in mycobacterial media. Seventeen patients
tested positive by PCR (5 were acid-fast bacillus smear positive and 12 acid-fast ba-
cillus smear negative), and Mycobacterium tuberculosis was recovered from cultures
for 12 of them. Patients testing positive by PCR and negative by culture (n � 5)
were treated and deemed to have responded to antituberculosis therapy. There
were no PCR-negative/culture-positive cases, and none of the patients testing posi-
tive for nontuberculous mycobacteria (n � 20) yielded a positive PCR result. The
data indicated that routine testing of respiratory specimens from patients with pre-
sumptive tuberculosis by the RealTime MTB PCR assay improves the tuberculosis di-
agnostic yield and may reduce the time to antituberculosis treatment initiation. On
the basis of our data, we propose a novel mycobacterial laboratory algorithm for tu-
berculosis diagnosis.
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Rapid and accurate diagnosis of pulmonary tuberculosis (TB) leads to early initiation
of targeted therapy resulting in improved patient outcomes and reduced trans-

mission (1, 2). Nucleic acid amplification tests (NAAT) and, especially, real-time PCR
assays allow the relatively sensitive and fast detection of Mycobacterium tuberculosis
complex (MTC) in respiratory specimens, thus outperforming acid-fast bacillus (AFB)
smear microscopy and conventional liquid- or solid-culture methods in terms of
sensitivity and speed, respectively (3). Mathematical models exploring the economic
impact of implementing NAAT in routine practice support the hypothesis that these
methods are highly cost-effective for TB diagnosis regarding overall cost and quality-
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adjusted life years (4, 5). However, NAAT are not systematically included in routine TB
diagnostic algorithms in many low-prevalence countries such as Spain (6, 7). Updated
U.S. clinical practice guidelines for TB diagnosis in adults and children endorse the use
of NAAT, albeit conditionally and based on low-quality evidence (8); uncertainties
regarding field test performances and practical clinical utility have been invoked as
accounting for this fact (6, 7). Nevertheless, a recent document issued by the Expert
Opinion of the European Tuberculosis Laboratory Initiative Core Group Members for
the WHO European Region (9) indicates that countries should prioritize the use of
recommended rapid molecular tests, rather than conventional microscopy and culture,
as the initial diagnostic test for adults and children presumed to have pulmonary TB.

Among NAAT, the FDA-approved Xpert MTB/RIF test (Cepheid, Sunnyvale, CA, USA)
has been extensively evaluated (10), and the World Health Organization (WHO) en-
dorses it as a replacement for smear microscopy in the initial diagnosis of TB in settings
of high multidrug-resistant TB or HIV infection prevalence (11), where drug suscepti-
bility testing is not usually performed. This assay performs suboptimally with AFB
smear-negative specimens, with sensitivities of 45% to 77% (7, 10, 12–15). Abbott
Molecular Inc. (Des Plaines, IL, USA) recently launched their automated RealTime MTB
(RT MTB) in vitro PCR assay for qualitative detection of MTC in respiratory specimens; it
has a reported sensitivity of 77% to 96.7% in AFB smear-negative/culture-positive
samples (16–23). The use of improved-sensitivity NAAT in such specimens in particular
could have a major impact not only on the clinical and epidemiological management
of TB but also on the diagnostic algorithms used in mycobacterial laboratories. We
conducted a prospective nonrandomized intervention study to evaluate the analytical
performance of the Abbott RealTime MTB assay in a low-prevalence setting and to
assess how using a routine operational diagnostic strategy based on universal screen-
ing of patients with presumptive TB with this PCR assay impacts the therapeutic
management of TB.

MATERIALS AND METHODS
Study setting. The study was carried out at the Clínico-Malvarrosa health department, which covers

a population of 344,000 inhabitants from the region northeast of Valencia and is linked to the 582-bed
Hospital Clínico Universitario (HCU) tertiary referral and teaching hospital, and at the Gandía health
department, which provides medical care to a population of 188,000 inhabitants and has a 411-bed
hospital, the Francisco de Borja de Gandía hospital; both are in the Valencian Community, Spain.
According to the Surveillance and Epidemiological Control Service of the Valencian Community, the rates
of TB notification in 2016 at these health departments were 11.9 and 13.3 per 100,000 inhabitants,
respectively.

Study population. Between 9 January and 9 May 2017, a total of 1,020 consecutive subjects over 18
years of age (median age, 77 years; range, 18 to 102 years) undergoing evaluation for pulmonary TB (869
patients from the Clínico-Malvarrosa health department and 151 from the Gandía health department)
were enrolled in the study. No exclusion criteria were established. Patients with presumptive TB were
managed according to a Spanish consensus document (24). This study was approved by the Ethics
Committee at the Hospital Clínico Universitario Fundación INCLIVA, in January 2017. The need to obtain
informed consent was waived because the Abbott PCR assay was included in our laboratory test menu
prior to the initiation of this study.

Laboratory procedures. Respiratory specimens were screened for the presence of AFB by direct
(nondecontaminated/nonconcentrated) microscopy using auramine-thiazine red staining. Positive mi-
croscopy results were confirmed using Ziehl-Neelsen staining. The specimens were then decontaminated
by the use of a BBL MycoPrep kit (Becton Dickinson, Sparks, MD, USA), which employs N-acetyl-L-cysteine,
sodium citrate, and NaOH at 2% (final concentration), as indicated by the manufacturer, and neutralized
with phosphate buffer (67 mM; pH 6.8), followed by centrifugation at 3,000 � g for 20 min. Sediments
were resuspended in 3 ml of sterile phosphate-buffered saline (PBS), inoculated into a Löwenstein-Jensen
(LJ) tube (0.5 ml) and a Bactec MGIT 960 tube (0.2 ml) (Becton Dickinson, Sparks, MD, USA), and incubated
at 37°C for 3 months and at 35°C for 8 weeks, respectively (19, 25). Identification of MTC isolates was
performed by the use of a SD TB Ag MPT 64 Rapid Immunochromatographic test (Standard Diagnostics,
Seoul, South Korea). Differentiation of MTC members was achieved by using a GenoType MTC VER 1.X
system (Hain Lifescience, Hardwiesenstraße, Germany). Species identification of nontuberculous myco-
bacteria (NTM) was performed by the use of a GenoType Mycobacterium CM or AS system (Hain Lifescience)
or by 16S rRNA gene sequence analysis, as previously reported (19). AFB smears were performed at the
respective local laboratories, whereas culture and identification were performed at HCU.

Real-time MTB PCR assay. The Abbott Real Time MTB assay allows the detection of 8 species
belonging to MTC (M. tuberculosis, M. africanum, M. bovis, M. bovis BCG, M. caprae, M. canetti, M. microti,
and M. pinnipedii) through the amplification of both the IS6110 insertion sequence and the protein
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antigen B (PAB) gene. The assay was performed as previously reported (19). Briefly, a volume of 1.2 ml
of each decontaminated and concentrated sediment sample was used for DNA extraction, which was
performed using Abbott mSample Preparation System DNA (designed to use magnetic microparticle
processes for the purification of DNA) and an Abbott m2000sp platform (Abbott Molecular Inc., Des
Plaines, IL, USA). Amplification, MTC detection, and data interpretation were performed on an Abbott
m2000rt real-time PCR instrument. Overall, the first specimen collected from each patient was run for
real-time PCR detection of MTC DNA. Pooled samples were run for PCR when two or more specimens
from the same patient were available prior to batch testing.

Diagnostic algorithms, intervention, and endpoints. The attending physicians were alerted by
telephone of any positive AFB smear results as soon as they were available, and anti-TB treatment was
initiated if deemed convenient at the discretion of the physician. PCR was performed in batches, three
times a week (usually Monday, Wednesday, and Friday mornings); patient specimens were stored at 4°C
for a maximum of 4 days prior to PCR testing. A member of our laboratory notified the attending
physicians of any positive PCR results by telephone as soon as they became available, and that physician
was responsible for locating the patient and initiating anti-TB treatment within 48 h. All specimens were
cultured on MGIT and LJ media; when culture results were available, an alert (which attending physicians
could access) was activated on the laboratory information system (LIS). TB patients were scheduled for
clinical examination 2, 8, 16, and 24 weeks after the initiation of anti-TB therapy.

The main objective of this study was to assess the analytical performance of the Abbott RealTime MTB
PCR assay in clinical practice in individuals with presumptive pulmonary TB compared with that of a
composite reference standard consisting of mycobacterial culture results and clinical TB treatment
responses (in patients with culture/PCR result discordances). A response to TB therapy was defined as
chest X-ray improvement and/or symptomatic improvement (weight gain, fever resolution, and cough or
hemoptysis remission) (26), as judged by an independent expert panel of pulmonologists. Negative AFB
smear conversion results or M. tuberculosis cultures in two consecutive respiratory specimens after 8
weeks of treatment also indicated adequate treatment response (26). A standardized case record form
was built to collect demographic and clinical data (including comorbidities) and chest X-ray findings.

Statistical methods. Sample size calculation was deemed unfeasible owing to the fact that insuf-
ficient data on field analytical performance of the Abbott RealTime MTB PCR assay are available in the
literature. As stated above, this was a primary endpoint of the current study. The medians and means
were compared using the Mann-Whitney U test and the Student t test, respectively; P values of �0.05
were deemed to be statistically significant.

Laboratory cost data. The following items were considered for laboratory cost analyses: MGIT vials,
LJ medium tubes and associated expendables, SD Bioline TB Ag MPT64 Rapid immunochromatographic
tests, nucleic acid DNA extraction procedures, RealTime MTB PCR assays and related consumables, and
laboratory labor. The prices of consumables were provided by the manufacturers, and the average hourly
wage of the laboratory technicians/nurses/staff was reported by the Human Resources Department.
Costs of specimen decontamination and concentration, AFB smear microscopy, MTC species discrimi-
nation, and NTM identification were excluded from the analyses, as explained in the Discussion below.

RESULTS
Pulmonary tuberculosis in the cohort. In all, 1,409 respiratory specimens (Table 1)

from 1,020 consecutive subjects (Table 2) undergoing evaluation for pulmonary TB
were received at HCU for routine mycobacterial diagnostic testing. Eighty-seven pa-
tients had a history of previous TB, but none had been treated with anti-TB drugs in the
year prior to enrollment. M. tuberculosis was isolated on MGIT and LJ cultures from 27
specimens from 12 patients (1.1%), 5 (41.6%) of whom had a positive AFB smear result.
Overall, the median time to positive MGIT culture was 11 days (range, 7 to 16 days). The
median diagnostic times were 8 days (range, 7 to 11 days) for AFB smear-positive

TABLE 1 Type of specimens and number of specimens/patient in the prospective cohort

Parameter No. of specimens

Type of specimen
Sputum 989
Bronchial aspiratea 310
Bronchoalveolar lavage fluid 91
Tracheal aspirate 17
Induced sputum 2

No. of specimens/patient
One 735
Two 195
Three 76
Four 14

aBronchial aspirate specimens were obtained by aspiration of bronchial content after bronchoscope
insertion. A flexible bronchoscope was moved through the airways to a target lesion for sampling.
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patients and 12 days (range 8 to 16 days) for AFB smear-negative patients. Twenty
patients tested positive for NTM (data not shown), and 7 of those patients were
deemed to require antimicrobial treatment by the attending physician.

Performance of the Abbott RealTime Mycobacterium tuberculosis complex PCR
assay in patients with presumptive pulmonary tuberculosis. Seventeen of 1,020
patients tested positive by PCR (Table 3); 5 of those patients were AFB smear positive,
and 12 were AFB smear negative. Among those 17 patients, 12 tested positive by
culture. The remaining 5 patients tested negative in mycobacterial cultures and AFB
smears. The mean PCR cycle threshold (CT) value was significantly lower (P � 0.003) for
culture-positive specimens (CT � 30.65; range, 23.56 to 37.84) than for culture-negative
samples (CT � 36.56; range, 32.38 to 39.32). All PCR-positive/culture-negative patients
were treated with anti-TB drugs and deemed to have responded to anti-TB therapy
after 8 weeks of treatment; a final evaluation at 6 months after therapy initiation
confirmed clinical and radiological response in 4 patients. Clinical and radiological
worsening was documented in the remaining patient (currently undergoing therapy
with a new anti-TB drug combination). These 5 cases were thus considered true
positives for PCR and false negatives for culture; there were no PCR-negative/culture-
positive cases, and no NTM-positive patients had a positive PCR test result. Hence, the
overall sensitivity, specificity, negative predictive value, and positive predictive value of
the PCR assay were 100% (95% confidence interval [CI], 81.6% to 100%), 100% (95% CI,
99.6% to 100%), 100% (95% CI, 99.6% to 100%), and 100% (95% CI, 81.6% to 100%),
respectively, and those of culture were 70.6% (95% CI, 46.9% to 86.7%), 100% (95% CI,
99.6% to 100%), 100% (95% CI, 75.7% to 100%), and 99.5% (95% CI, 98.8% to 100%). For
calculations of the predictive values, the prevalence of TB in the cohort was considered.
Overall, the median time to TB diagnosis was 2 days (range, 1 to 6 days) following a
testing schedule of three times/week. The overall time to targeted (anti-M. tuberculosis)

TABLE 2 Demographics and baseline clinical characteristics of patients with or without
tuberculosis in the prospective cohort

Characteristic

No. (%) of patients

TB (n � 17)a Non-TB (n � 1,003)

Male sex 11 (64.7) 619 (61.7)

Symptoms
Fever 3 (17.6) 195 (19.4)
Cough 12 (70.6) 532 (53)
Hemoptysis 5 (29.4) 145 (14.5)
Dyspnea 8 (47.1) 420 (41.9)
Weight loss 4 (23.5) 62 (6.2)

Hospitalization 12 (70.6) 450 (44.9)

Pathological chest radiography 15 (88.2) 542 (54)
Cavities 10 (58.8) 15 (1.5)

Previous tuberculosis history 3 (17.6) 84 (8.4)

Comorbidity conditions
Diabetes mellitus 3 (17.6) 225 (22.4)
Malignancy 1 (5.9) 131 (13.1)
Chronic obstructive

pulmonary disease
2 (11.8) 233 (23.2)

Bronchiectasis 2 (11.8) 161 (16)
Human immunodeficiency

virus infection
2 (of 6 tested; 33.3) 23 (of 312 tested; 7.4)

Ever smoked 12 (70.6) 402 (40.1)

Alcoholism 4 (23.5) 66 (6.6)
aPatients PCR positive/culture positive for MTC and those PCR positive for MTC/culture negative. TB,
tuberculosis.
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treatment initiation was 2 days (range, �4 to 6 days), and the times were 1 day (range,
0 to 3 days) for AFB smear-positive patients and 3 days (range, �4 to 6 days) for
AFB-negative patients. One HIV-1-positive patient was treated based on clinical and
radiological criteria before confirmation of the PCR result (day �4).

Performance of the Abbott RealTime PCR assay in patients treated for tuber-
culosis. Follow-up sputum samples obtained after 8 weeks of treatment were submit-
ted from 7 patients. The remaining 10 patients failed to produce a sample at the
scheduled visit. Mycobacterial culture was negative for all 7 patients, whereas 2 patients
tested positive by PCR (Table 4).

Laboratory cost. The costs assigned to evaluable items are shown in Table 5. The
actual laboratory cost incurred by the conventional TB diagnostics flow during the
study period was approximately €18,276. The use of the Abbott RealTime MTC assay in
addition to mycobacterial culture resulted in an extra cost of roughly €23,633 (€23.17
per single or pooled specimen).

DISCUSSION

The WHO and the U.S. FDA endorse the use of NAAT in patients with presumptive
TB in countries with low TB prevalence (8, 9, 11, 26, 27); nevertheless, NAAT have not
been systematically incorporated into routine TB diagnostic algorithms in these set-
tings, most likely because of their relative insensitivity with AFB smear-negative spec-
imens (9). Here, we show for the first time that routine screening of respiratory

TABLE 3 Demographic, clinical, and microbiological data for patients who tested positive with the Abbott Real-Time MTB PCR assaya

Patient Age (yrs) Sex Comorbidity(ies) Previous TB Hospitalization
Specimen(s) processed
for PCR analysis (no.) AFB Culture TP (days) PCR CT

MTB01 32 M No No No S (2) Pos Pos 7 26.26
MTB02 31 M HIV No Yes S (1) Pos Pos 11 33.64
MTB03 50 M No No Yes S (1) Pos Pos 8 23.56
MTB04 37 F No No Yes S (2) Pos Pos 9 28.10
MTB05 51 M DM No Yes S (3) Pos Pos 7 26.45
MTB06 68 M No No Yes TA (1) Neg Pos 12 31.42
MTB07 33 M No No No S (2) Neg Pos 8 35.32
MTB08 22 F No No No S (1) Neg Pos 11 32.71
MTB09 51 M No No Yes BA (1) Neg Pos 14 32.52
MTB10 50 M HIV Yes (May 1999) Yes BA/BAL (1) Neg Pos 14 33.61
MTB11 55 M DM No No S (2) Neg Pos 12 26.46
MTB12 33 M No No Yes S (1) Neg Pos 16 37.84
MTB13 62 F BE Yes (January 2015) Yes S (1) Neg Neg NA 32.38
MTB14 46 M No No No S (1) Neg Neg NA 38.23
MTB15 42 F BE No No S (2) Neg Neg NA 35.30
MTB16 63 F DM, MA, COPD No Yes BA/BAL (1) Neg Neg NA 37.61
MTB17 39 F COPD Yes (April 2006) Yes S (2) Neg Neg NA 39.32
aAFB, acid-fast bacilli smear microscopy; BA, bronchial aspirate following targeted flexible bronchoscopy; BAL, bronchoalveolar lavage fluid; BE, bronchiectasis; COPD,
chronic obstructive pulmonary disease; DM, diabetes mellitus; F, female; HIV, human immunodeficiency virus type 1 infection; M, male; MA, malignancy; NA, not
available; Neg, negative; PCR CT, PCR cycle threshold; Pos, positive; S, sputum; TB, tuberculosis; TP, time of positivity of mycobacterial culture.

TABLE 4 Clinical data and chest X-ray findings from patients testing positive by the Abbott Real-Time PCR and negative by
mycobacterial culturea

Patient Symptom(s)
Chest radiography
suggestive of TB Cavities Treatment (mos) Clinical evolutionb Radiological evolution Follow-up samplec

MTB13 Co, Dys Yes No HRZE (2)/HR (4) Improvement No major changes Culture�/PCR�
MTB14 He No No HRZE (2)/HR (4) Improvement Improvement NA
MTB15 F, Co, He, Wl No No HRZE (2)/HR (4) Improvement No major changes Culture�/PCR�
MTB16 Co Yes No HZE (12) Improvement Improvement NA
MTB17 Co, He, Dys, Wl Yes Yes Otherd Improvement No major changes NA
aAbbreviations: Co, cough; Dys, dyspnea; E, ethambutol; H, isoniazid; He, hemoptysis; F, fever; NA, not available; R, rifampin; Z, pyrazinamide; Wl, weight loss.
bFever, hemoptysis, or cough remission and weight gain.
cAfter 8 weeks of therapy.
dThis patient had had previous multidrug-resistant tuberculosis (resistance to isoniazid, rifampin, pyrazinamide, and streptomycin documented by means of
phenotypic methods) and was treated with ciprofloxacin, ethambutol, linezolid, and azithromycin.
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specimens from individuals with presumptive TB, using a highly sensitive real-time PCR
(the Abbott Real-Time MTC PCR assay) in a population with low pretest prevalence,
increases the TB diagnostic yield compared to mycobacterial culture and leads to an
overall reduction in the time to TB diagnosis, in particular, in AFB smear-negative
patients. The exquisite analytical sensitivity of the Abbott PCR assay (limit of detection
of 2.45 CFU/ml using the H37rv strain spiked into AFB-negative sputum samples [16]),
which appeared to exceed those of the Xpert MTB/RIF test (131 CFU/ml) (10, 14) and
mycobacterial cultures (nearly 10 CFU/ml) (28), likely accounted for the findings de-
scribed above.

Five patients tested positive by PCR and negative by culture, but, on the basis of
their chest X-ray signs and/or a clinical picture and response to TB treatment, it was
concluded that all of them had TB. Moreover, none of them had had TB in the year
before enrollment, which reasonably ruled out the possibility of false-positive PCR
results caused by the presence of persistent bacterial DNA from nonviable microor-
ganisms after successful TB treatment (29). Moreover, the PCR CT values for PCR-
positive/culture-negative specimens were in the upper quartile range, which clearly
indicated that these samples contained small amounts of MTC DNA.

M. tuberculosis DNA or cDNA, probably from viable bacteria, has been detected in
culture-negative respiratory specimens from patients with or without an objective and
consistent clinical suspicion of pulmonary TB (30), hence supporting the assumption
that culture is not 100% sensitive and, strikingly, suggesting that M. tuberculosis DNA
may be detectable in individuals with latent infection. In this respect, no patient in our
prospective cohort with a positive tuberculin or interferon-gamma-release-assay (IGRA)
test result and a TB alternative diagnosis (n � 21) tested positive by PCR (not shown).

Two of 7 patients with available follow-up specimens tested positive by PCR after 8
weeks of treatment but yielded negative culture results. Those two patients displayed
clinical and radiographic responses to anti-TB therapy. Since nonviable bacteria are a
possible source of the MTC DNA detected in these patients (29), highly sensitive PCR
assays may not be appropriate for controlling the efficacy of TB treatments. As an aside,

TABLE 5 Data used for analyses of laboratory costs

Item Assigned cost (€)a

Conventional diagnostic strategy
Bactec MGIT Mycobacteria Growth Indicator

Tubes—BD and Panta (antibiotic mixture)
11.20/unit

Löwenstein-Jensen tubes 0.34/unit
Culture expendables 0.26/unit/specimen
SD TB Ag MPT64 Rapid Immunochromatographic

(confirmatory) test
9.46/unit

Personnel 1.08/specimenb

Cost/specimen 12.89/negative MTC specimen and
22.35/positive MTC specimen

Total (during the study period)c 18,276

Abbott Real-Time MTB PCR strategy
Abbott Real-Time MTB PCR (nucleic acid

extraction � PCR analysis)
21.10/specimen (pooled or single

specimens)
PCR expendables 1.80/specimen
Personnel (PCR testing) 0.27/specimend

Cost/specimen 23.17
Total (during the study period)e 23,966

aThe prices of consumables were provided by the manufacturers, and the average hourly wage of laboratory
technicians/nurses/staff was reported by the Human Resources Department at the Hospital Clínico
Universitario.

bThe personnel cost has been calculated based on the time spent inoculating LJ tubes and MGIT bottles and
monitoring for growth on LJ tubes (once a week during 3 months). According to our estimations, the time
spent per specimen was 4 min.

cTotal calculated for 1,409 cultured samples and 12 MTC confirmatory tests.
dThe personnel cost has been calculated based on the time spent assembling the Abbott m2000 system and
adjusted to an average of 25 samples per run (approximately 1 min/specimen).

eTotal calculated for 1,020 samples, 17 LJ/MGIT cultures, and 12 MTC confirmatory tests.
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a recent study performed in a community health center with a high incidence of TB and
HIV coinfection (31) reported a sensitivity for raw sputum samples of 82.5% for the
Abbott RealTime PCR assay. Another very recent study (32), in this case, with a
prospective design, that was also conducted in a region with a high incidence of TB
infection reported overall sensitivity and specificity of 95.2% and 99.8%; methodolog-
ical differences with respect to sample inactivation, dissimilarities in the clinical char-
acteristics of the patients (especially in terms of HIV-1 coinfection), and the choice of
the “gold standard” for comparative analyses (culture in these studies versus a com-
posite of culture and clinical outcome following instauration of anti-TB therapy in ours)
may explain this discrepancy.

As expected, overall, the time to TB diagnosis was dramatically shortened using the
PCR assay, which led to prompt anti-TB treatment initiation, in particular, for AFB-smear
negative patients. In effect, in our cohort, the median time to targeted (and appropri-
ate) treatment initiation in this subset of patients was 3 days, but it would have been
a median of 12 days, at best, had we relied only on MGIT culture results. This is of
paramount relevance, since AFB smear-negative patients can transmit TB (33).

Following local guidelines, patients who likely have TB (but may not) are immedi-
ately treated upon assessment of positive AFB smear microscopy results. Nevertheless,
the fact that anti-TB treatment may be erroneously begun on the basis of AFB
smear-positive results in cases of AFB smear-positive lung NTM disease (two cases in
our cohort) should be highlighted. Thus, a tangible advantage of the use of the Abbott
real-time MTB PCR assay on AFB-positive smear specimens is that a negative test result
would safely spare these patients from anti-TB treatment (given the very high negative
predictive value of the PCR assay).

Current TB diagnostic algorithms generate a heavy workload for microbiology
laboratory technicians and staff, which is highly unfruitful in settings of low TB
prevalence such as ours. Given the excellent sensitivity and specificity of the Abbott
Real-Time MTB PCR assay reported here, as well as the very low rate of assay inhibition
(in the current study, PCR inhibition occurred in only 2 specimens from two patients
who had an additional sample tested for the presence of MTC DNA), we suggest that
a diagnostic strategy whereby only AFB smear-positive specimens and PCR-positive
pooled samples are processed for mycobacterial culture (Fig. 1) would be both feasible
and reasonable, provided, naturally, that our results are confirmed in further studies
that include more TB cases. The use of pooled specimens (two or more) instead of
single samples might increase the diagnostic yield (although such was not proven in
the current study), given the discontinuous shedding of MTC (in sputum samples), and
is cost saving. In our study, performing three runs/week allowed us to pool at least two
sputum samples from most of patients who provided them.

Our strategy differs from that recently endorsed by the European Office of WHO (9),
based upon the use of the Xpert MTB/RIF test, in that PCR testing is not implemented
as an add-on procedure for all specimens. It is uncertain whether the advent of the
novel Xpert MTB/RIF Ultra assay, whose sensitivity largely exceeds that of the former
Xpert test for AFB-negative specimens and is seemingly comparable to that of the
Abbott MTB PCR assay (34, 35), may lead the European Office of WHO to modify its
strategy and recommend the use of the novel Xpert test in the manner that we propose
for the Abbott MTB PCR test.

Our novel diagnostic approach would incur in an extra cost of approximately €5,690
(calculated for 1,409 specimens) compared to the conventional diagnostic algorithm;
this estimation excludes the costs associated with decontamination-concentration
procedures, AFB smear microscopy, and MTC species discrimination (common to both
strategies) and that of NTM identification (because our proposed algorithm would
make it impossible to quantify the NTM cases). Of note, this extra cost would have been
substantially reduced or even eliminated had the recommended number of sputum
specimens for TB diagnosis (no less than two and preferably three) been provided in all
the cases in our cohort (Table 1). In any case, this amount would be insignificant if the
cost savings from implementing routine PCR testing in TB diagnostic algorithms
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predicted by modeling studies are confirmed (4, 5, 14, 15, 36–38). Regarding NTM
recovery, the incidence of clinically significant NTM lung disease is low in most
high-income countries (39, 40) and its risk factors in adults have been reasonably
delineated (39–43). In this novel approach, only specimens from patients with high-
level suspicion of lung NTM disease would be processed for culture.

An obvious limitation of the Abbott RealTime MTB PCR assay is its inability to
provide any information on M. tuberculosis genotypic drug resistance, which is deemed
useful even in settings of low TB prevalence. Nevertheless, Abbott Diagnostics has
recently launched a RealTime PCR MTB RIF/INH resistance assay which provides qual-
itative resistance detection within a single assay for the two most important first-line
anti-TB drugs (rifampin and isoniazid). Thus, the Abbott RealTime MTB PCR assay can be
used in combination with the RealTime PCR MTB RIF/INH resistance assay.

This study had some limitations that deserve consideration. First, and most impor-
tant, the number of TB cases in the cohort was low; despite this, we could demonstrate
that the systematic use of the Abbott RealTime PCR increased the TB diagnostic yield
by nearly 30%. Second, the presence of MTC DNA in PCR-positive/culture-negative
specimens was not confirmed by alternative assays. Nevertheless, we are not aware of
any molecular assay that outperforms the Abbott RealTime MTB PCR assay in terms of
analytical sensitivity; thus, validation attempts by alternative means would have likely
failed. Third, the level of culture sensitivity may have been underestimated because of
low compliance with the consensus recommendations concerning the number of
sputum samples to be collected; and yet, 2 of the 5 PCR-positive/culture-negative
patients had 2 sputum samples and 1 additional patient had a bronchiolar lavage (BAL)
fluid specimen processed. Fourth, the majority of the patients came from a single
tertiary care hospital and about 45% of the patients were hospitalized. Fifth, we did not

FIG 1 Diagram of the proposed laboratory workflow strategy for the diagnosis of tuberculosis and
nontuberculous mycobacterial lung infections. Respiratory specimens from patients with suspected TB
are first examined by AFB smear microscopy. AFB smear-positive specimens are processed for myco-
bacterial culture. All specimens (irrespective of AFB smear results) are tested by the Abbott real-time PCR
assay (or any other NAAT assay with equivalent sensitivity). Positive MTC PCR specimens are cultured on
Löwenstein-Jensen medium slant LJ and MGIT (Mycobacterium growth indicator tube) to confirm the
infecting species strain conservation and typing and phenotypic drug susceptibility testing (DST) results.
Negative PCR specimens are discarded unless derived from patients with a high level of clinical and
radiological suspicion of NTM lung disease (targeted laboratory test ordering).
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analyze the health system benefits or overall cost-effectiveness of our proposed
diagnostic algorithm because of the low number of TB patients in the cohort and the
lack of a consensus method to perform overall cost-effectiveness studies (36).

In summary, to our knowledge, this was the first prospective intervention study to
show that universal screening of respiratory specimens from individuals with presump-
tive TB using a highly sensitive real-time MTC PCR assay improves TB diagnostic
accuracy and speed and results in a dramatic reduction in the time to TB treatment for
patients with negative AFB smear microscopy results. We propose a novel laboratory
diagnostic workflow for TB, but further studies will be required to determine its
cost-benefit ratio, how this strategy might affect TB patient clinical outcomes, and if its
use would result in significant underdiagnosis of lung NTM disease.
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